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INTRODUCTION
Rice farming communities in South and Southeast Asia have undergone tremendous change particularly since the introduction of Green Revolution technologies in the 1960s (Evenson and Gollin 2003) . Perhaps the most dramatic and lasting difference between a peasant village then and now is the pervasiveness of markets and the consequent integration of previously isolated and subsistence farmers with regional, national, and even global markets for commodities and factors of production. This paper presents an empirical investigation of the relationship between the spread, spatially and temporally, of market institutions and improvements in the productivity and efficiency of rice farmers over a period of two decades. The analysis synthesizes two lines of research on developing agricultural economies that have benefitted greatly from the contributions of Professor Robert Evenson over four decades: 1) the investigation of the causes and consequences of transaction costs and dysfunctional markets (Evenson and Roumasset 1986; Lanzona and Evenson 1997; DeSilva, Evenson, and Kimhi 2006; Naseer, Evenson, and DeSilva 2007) , and 2) the analysis of the determinants of farm productivity and efficiency (Rosegrant and Evenson 1992; Bravo-Ureta and Evenson 1994; Evenson and Mwabu 2001) .
Our primary goal is to estimate the effect of the levels and changes in the access to markets on yields, unit costs, and farm efficiency. More broadly, our estimates trace the link between village-level institutional and transaction cost conditions with farm-level outcomes and help us to draw policy inferences regarding the value to farmers of improved institutional conditions that facilitate the functioning of agricultural commodity and factor markets.
DATA
This study utilizes household level data from Camarines Sur, one of the six provinces that form the Bicol Region in the Philippines. Although rainfall is relatively abundant and water is generally plentiful in the Bicol River basin, the predominantly agricultural Bicol has long been the poorest region in the country (Lanzona and Evenson 1997) . Among the reasons for the economic backwardness of the Bicol is its location in the relatively isolated southeastern end of the Luzon Island and the terrain that is mostly mountainous. The data were collected as part of the Bicol Multipurpose Survey, a rich multi-year household and barangay (village) survey carried out in 1978, 1983, 1994, and 2003 
THEORETICAL AND EMPIRICAL BACKGROUND
Spatial differences in the productivity of farms have long attracted the attention of economists. Schultz (1953) predicted in his "urban-industrial impact hypothesis" that the "locational matrix"
of economic development has a center that is "primarily industrial-urban in composition" and that "those parts of agriculture which are situated favorably in relation to such a center" will benefit from well functioning economic organizations (147). The urban-industrial center, in Schultz's view, functions as a source of technological innovation and contains relatively efficient factor and product markets. More generally, the advantage of the urban-industrial center can be encapsulated in its ability to minimize transaction costs associated with "information, search, negotiation, screening, monitoring, coordination and enforcement" (Sadoulet and de Janvry 1995, 254) . As Evenson and Roumasset (1986) describe, "In highly developed market economies, transactions are low cost. The public sector provides goods and standards that facilitate transactions. Communication is low cost" (141).
The "costs of engaging in market transactions vary a great deal over the development process" and are particularly "significant in rural economies where communications and transportation facilities are poor, markets are segmented, and access for market participation is 1 Professor Evenson played an instrumental role in the design and implementation of all four waves of the Bicol Multipurpose Survey. His long and fruitful engagement with the Philippines began with the three years he spent at the University of the Philippines at Los Banos from 1974 to 1977 and has resulted in a series of studies including several that are cited in this article.
restricted" (Evenson and Roumasset 1986, 141; Lanzona and Evenson 1997, 1) . For example, spot markets for labor are subject to high transaction costs in rural labor markets where "institutions such as labor and contract law and formal employment assistance mechanism are not in place" (DeSilva, Evenson, and Kimhi 2006, 851) . In an analysis of the same Bicol villages that are the subject of the present study, DeSilva, Evenson, and Kimhi (2006) find that farmers engage in the costly activity of directly supervising hired labor more intensively in villages that are less urbanized and located far from the market towns.
In the peripheral areas of Schultz's locational matrix, formal markets are often weak or, in some cases, absent. For example, Bicol villages with high transaction costs have lower wage labor market participation and earnings (Lanzona and Evenson 1997) . In place of formal markets, the peripheral villages are typically served by "a pattern of market organizations with heavy reliance on traditional institutions" (Evenson and Roumasset 1986, 141) . According to a vast literature in the tradition of New Institutional Economics (NIE), institutions such as the family farm, sharecropping, and social networks respond to and help overcome the information and enforcement problems that arise from missing or incomplete markets (Otsuka, Chuma, and Hayami 1992; Hoff, Braverman, and Stiglitz 1993; Lanjouw 1999) . In the Philippines, it has been documented that high transaction cost encourages households with large farms to have larger families and that community-based social organizations help alleviate disadvantages faced by farmers in remote Bicol villages (Evenson and Roumasset 1986; Naseer, Evenson, and DeSilva 2007) .
Although there is widespread acknowledgment of the economic role of informal institutions in developing agrarian economies, there is a consensus that these institutions are second best-efficient (Hoff, Braverman and Stiglitz 1993) . For example, the reduction in the technical efficiency of rice farmers in the Bicol due to adverse institutional conditions is only partly offset by the direct supervision of workers (Evenson, Kimhi, and DeSilva 2000) .
Focusing on markets for insurance for price and weather risks, Larson and Plessmann (2009) find that "community-based informal arrangements are subject to failure when adverse events are extreme or occur with unusual frequency" (30 Whether a rural farmer is able to benefit from the transaction cost advantages of well developed markets depends on his or her proximity and connectivity to the core (Benziger 1996; Jacoby 2000) . In the context of rural Filipino villages, the core does not need to be urban or industrial as suggested by Schultz; rural towns (e.g., poblacions in the Philippines) can provide access to well functioning markets for commodities and factors of production and serve as sources of technical knowledge and skills. With infrastructural improvements such as new roads and rural electrification and with the development of agricultural extension services (see Birkhaeuser, Evenson, and Feder 1991 and Evenson 2001 for review) that bring ideas and technologies from the center to the periphery, locational disadvantages of remote villages vis-à-vis market towns can be overcome (Flores-Moya, Evenson, and Hayami 1978; Evenson 1986; Jacoby 2000) . Development of well-functioning market institutions in the peripheral villages themselves can be promoted through government action (e.g., improvements in legal systems) and is aided by population growth that often accompanies economic development. With good roads, communication networks, extension services, well-developed market supporting institutions, and high population densities, the distance from the center matters less for the peripheral villages.
Based on the insights from the studies discussed, the primary hypothesis of this study is that greater access to markets promotes growth in agricultural productivity and efficiency in the Bicol rice farms. In the next section, we present a descriptive portrait of the correlation between market access and farm outcomes across time and space. In the following section, results of a regression analysis that explores this correlation in greater detail are discussed.
DESCRIPTIVE PORTRAIT
The empirical analysis relies on two proxy variables to measure access to markets at the village level: 1) the distance from the village (barangay) to the market town (poblacion) measures the location of the peripheral rural village in relation to the market core and 2) the population density of the village (barangay) is a measure of the level of market development in the barangay itself. To verify whether these two variables adequately capture barangay level transaction cost conditions, we examine their correlation with the ratio of the buying and selling prices of rice at the barangay level, a variant of the "price wedge" measure of transaction costs developed for the Bicol region by Lanzona and Evenson (1997) . 2 As expected, distance to the poblacion is positively correlated (ρ=0.2818) and population density is negatively correlated (ρ =-0.2453) with the "price wedge" measure of transaction costs. 3 In so far as localized price wedges or differences between the buying and selling prices of commodities reflect localized transaction costs (Lanzona and Evenson 1997) , this correlation provides evidence that the two measures of market access we have chosen are reasonable proxies for transaction cost conditions at the barangay level. At the same time, the fact that the correlation coefficients are substantially less than 1 tells us that the "price wedge" based transaction cost measures do not fully encapsulate the disadvantages associated with remoteness and low population density.
Yields and Unit Costs
If the hypothesized advantages of market access exist, we would expect villages with greater access to markets to have higher average farm yields (output per hectare) and lower unit costs (cost per unit of output). This is indeed the case for yields in 1983, with the average yield progressively lower in barangays that are located away from the poblacion (Figure 1 ) and in barangays that are less densely populated (Figure 2 ).
Over the two decades, the associations between the yield and the two measures of market access have become markedly weaker; while yields have improved across the board by 2003, the improvement is relatively larger in the more distant ( Figure 1 ) and more sparsely populated (Figure 2 ) barangays. The spatial convergence may be a result of improvements in roads and 2 Their measure was constructed by "measuring the effect of village dummies on the observed prices wedges" between the buying and selling prices of rice (p.2). 3 In Lanzona and Evenson (1997) , the distance to poblacion is the variable most strongly correlated with the barangay wedge between the buying and selling price of rice.
communications infrastructure or in the institutional environment, both of which enhance access to the poblacions and promote the development of market institutions in the peripheral barangays. With better roads, electricity, and telephone lines and with better legal systems and contract enforcement, physical distance to the market matters less. There has also been population growth in the peripheral villages (shown in Figures 1 and 2 by the relative size of the bubbles) resulting in a noticeable decline in the variation in population densities ( Figure 2 ). As peripheral villages become more densely populated, an environment conducive to development of efficient markets is created, lowering transaction costs.
Changes in unit costs follow a somewhat different pattern. In 1983, unit costs were not strongly correlated with distance to poblacion ( The relation between distance to poblacion and unit cost is noticeably steeper in 2003 than in 1983, whereas the relation between population density and unit cost is flatter.
Conforming to our expectations, unit costs vary with population density much the same way as yields vary with population density. However, the pattern with respect to the distance to poblacion is different: The relatively flat relationship in 1983 arises possibly because lower input costs (land rents and wages) in remote areas compensate for lower yields. The intertemporal pattern possibly reflects factor prices that have evolved unfavorably for the distant barangays; while greater competition may lower prices for inputs such as fertilizer and tractors in the proximate barangays, the advantage remote barangays had in terms of lower labor and land costs may have eroded with greater labor mobility and improved market infrastructure.
Improvements in the markets for factors that are relatively abundant in the remote villages do not necessarily benefit producers. Table 1 represents the patterns illustrated graphically in the form of simple regression coefficients estimated at the household level. For farms located in the poblacion itself, i.e., 0 distance from the poblacion, the average yield increased by 25% in the two decades. In addition, the elasticity of the yield with respect to distance to the poblacion decreases substantially in magnitude but remains significantly negative. Unit cost decrease by about 25%, but the association between distance to poblacion and unit cost is not statistically significant in either year even though the elasticity increases in magnitude (as seen in Figure 3 ). In 1983, population density was positively associated with yields and negatively associated with unit costs, whereas both relationships are smaller and statistically insignificant in 2003.
Technical and Cost Efficiency
High yields (partial factor productivity) and low unit costs do not necessarily make a farm efficient (Rosegrant and Evenson 1992; Bravo-Ureta and Evenson 1994) . Yields and unit costs are influenced by best-practice technologies, i.e., production and cost frontiers, and the ability of farmers to utilize them. A farm is technically efficient when it maximizes output conditional on input levels and the technology, operating on the production possibilities frontier (or the equivalent iso-quant); a farm is cost efficient when it minimizes costs conditional on the technology, level of output, and factor prices, operating on the cost frontier (or the equivalent iso-cost curve). Stochastic frontier analysis (see Kumbhakar and Lovell 2000 for overview)
provides us with a method with which farm-level data on inputs, outputs, and prices are utilized to quantify levels of farm efficiency (Aigner, Lovell, and Schmidt 1977; Meeusen and van der Broeck 1977) . Two examples of the application of this method are a study of cotton and cassava farmers in eastern Paraguay by Bravo-Ureta and Evenson (1994) and a study of Bicol rice farmers by Evenson, Kimhi, and DeSilva (2000) .
We investigate both channels, technical (or production) efficiency and cost efficiency, keeping in mind that a technically efficient farm may still be cost inefficient if it is unable to achieve allocative efficiency, the utilization a bundle of inputs such that marginal returns equate relative factor prices (Farrell 1957; Coelli 1996) . We compute the technical and cost efficiency of farm households by estimating the following production and cost frontier equations.
The Cobb-Douglas production frontier estimated is the version proposed for unbalanced panel data by Battese and Coeli (1992) .
where is the logarithm of the output of farm i at time t=1,..,T, is a vector of the logarithms of inputs and dummy variables for type of irrigation and year, is an error term that is distributed i.i.d. ~ 0, , exp , and follows an i.i.d. distribution that is truncated at zero of ~ , ,. The non-negative error term is assumed independently distributed from the random error and represents the technical inefficiency, or distance from the production frontier, for each farm i at time t.
The dual cost frontier estimated has the following analogous form:
Here, is the logarithm of the total cost of farm i at time t, is a vector of factor prices, and is an analogous truncated non-negative error term that represents cost inefficiency, or the distance from the cost frontier. Note that cost inefficient farms are located above the cost frontier, whereas technically inefficient farms are located below the production frontier.
The results are reported in Table 2 : Both production and cost frontier models are estimated in two specifications. The first assumes that the non-negative error term is drawn from a distribution that is truncated at zero, whereas the second estimates the truncation point as a parameter ( ). The second model is favored because the estimates of the more flexible model reveal that the truncation point is significantly different from zero. Two findings in the frontier estimates deserve mention: first, there is evidence from both the production and cost frontiers that there are scale economies in rice farming; second, the production frontier has shifted inward from 1983 to 2003, whereas the cost frontier has not remained unchanged. The inward shift in the production frontier is puzzling and it is possible that the year dummy has absorbed measurement errors between the two waves and other omitted variables.
Our focus, however, is not so much on the properties of frontier itself but on the distance of farms from the frontier. At the farm level, the technical efficiency can be estimated by computing the ratio of observed to maximum feasible output where the latter is determined by the stochastic production frontier (Lovell 1993) . The technical efficiency is interpreted as mean distance below the production frontier and is defined (for a Cobb-Douglas frontier) as follows:
exp Analogously, the cost efficiency of a farm can be interpreted as the mean distance above the cost frontiers and is defined as follows:
exp Note that technical efficiency varies between 0 (inefficient) and 1 (efficient), whereas cost efficiency varies from 1 (efficient) to infinity (inefficient).
The estimates (reported in Table 2) show that the average technical efficiency in our sample increased from 0.642 to 0.846 in the twenty years; conditional on technology and inputs, the average farm's production has increased from 64.2% to 84.6% of the maximum attainable output. Analogously, cost inefficiency has decreased from 1.997 to 1.129; the production costs of the average farm decreased from 99.7% to 12.9% above the minimum attainable costs. Both results indicate substantial improvements in efficiency.
Our hypothesis is that access to markets enhances both the technical and cost efficiency of farms. With high transaction costs and incomplete markets, the input mix used by farmers may not equate marginal returns with factor prices and the farming methods used may not reflect the best-practice technologies. With greater access to markets, farmers in peripheral villages benefit from technological change, shifting the production possibilities frontier outward and the cost frontier inward, and experience gains in the technical and allocative efficiency.
Figures 5 and 6 correlate the estimated distance from the production frontier (technical efficiency) of farms against the distance from the barangay to the poblacion and the barangay population density.
The variation in technical efficiency across barangays mirrors that of the yield. In 1983, technical efficiency is higher, on average, in barangays that are close to the poblacion and in barangays that are relatively densely populated. In 2003, both relationships are much weaker even though there is a general increase in technical efficiency across all barangays and the variation in technical efficiency has decreased substantially. The picture that emerges is consistent with widespread development of markets across the region. observed for unit costs; this is because, unlike unit costs, cost efficiency is conditional on factor prices. The relatively high unit costs in remote barangays in 2003 appear to be caused by higher factor prices rather than the cost inefficiency, i.e., the ability to use the optimal input mix given factor prices, of farmers.
MULTIVARIATE ANALYSIS
This section investigates the underlying causes of the differences in farm productivity and efficiency that was observed over time and across barangays in the previous section, paying particular attention to the role played by the two market access variables. In the cross-sectional estimates, we are interested in examining how differential access to markets across barangays manifest in differences in farm productivity and efficiency. In the inter-temporal comparison, we distinguish changes in productivity and efficiency that is attributable to inter-temporal changes in the market access variables from the changes in productivity and efficiency that arise from inter-temporal changes in the marginal influence of these variables. For example, a distant and small barangay may have experienced population growth over the two decades; at the same time, the construction of new roads may have alleviated the disadvantages that arise from its small size and remoteness 4 . Both of these developments have implications for the productivity and efficiency of farmers in this barangay. Estimates are carried out separately for each year and for the two dependent variables, yield and unit cost. For institutional conditions, we add a dummy variable for whether the barangay has roads in good condition, a dummy variable for whether the barangay has access to extension services, and a "price wedge" transaction cost measure, specifically the premium received by rice bought over paddy (palay) sold in the same barangay. By adding these sets of variables sequentially, we are able to ascertain how each set mediates the relation between the two market access variables, on the one hand, and the farm yields and unit costs, on the other hand.
Yield and Unit Cost Estimates
4 Unlike population density, the distance to the poblacion is relatively time invariant.
In the model that contains only the two market access variables (column 1), a 1% increase in the distance to the poblacion lowers the yield, on average, by 13.1% in 1983 and 8.2% in 2003, whereas controlling for distance to the poblacion, population density has a statistically insignificant effect of 5.5% and 0.2% respectively. For every 1% increase in the population density, unit costs decreased by 14.2% in 1983. Neither the effect of population density on unit costs in 2003 nor the effect of distance to poblacion on unit costs in both years is statistically significant. In both years, the market access variables are jointly significant at the 5% level in the determination of yields but not unit costs. The results of this simple benchmark model suggest that lack of market access created two problems for farmers, with distance to poblacion negatively influencing yields and low population density negatively influencing unit costs in 1983 and that both these disadvantages have been reduced by 2003.
When we add household level control variables, the qualitative results are not affected.
The disadvantage of remote farms in 1983 is in part attributable to the less favorable attributes (e.g., lower levels of education) of the farmers themselves. However, now the distance to poblacion has a larger effect on yields in 2003 than in 1983. When we introduce controls for barangay level factor prices, the same pattern is reinforced; now the effect of distance to poblacion on yield is not statistically significant. When controls are introduced for barangay level institutional conditions-road quality, transaction costs, and availability of extension services-the effect of population density on unit costs also becomes smaller and statistically insignificant. This exercise reveals that, in 1983, distance to the poblacion influences yields because the distant barangays have unfavorable household attributes and factor prices, and that population density influences unit costs because the sparsely populated barangays have insufficient roads, inadequate access to extension services and, more generally, high transaction costs. In both years, market access effects, if they exist, are explained by the control variables.
The one exception, however, is the effect of distance to poblacion on yields in 2003; this effect remains robust and statistically significant in all four specifications, suggesting that remoteness influences yields in ways that are not accounted for by the included variables.
In Table 4 , we report five variants of the fully specified model for the determination of yields. The OLS (first column) and random effects (fourth column) specifications for the pooled sample yield similar results. 5 These models identify several important determinants of 5 This is not surprising because our unbalanced panel contains very few households for which data are available in both years. The fixed effects estimates (reported in the fifth column) rely exclusively on withinhousehold covariance of the yields with the independent variables, allowing us to establish the sources of the growth in yields over the two decades. The results indicate that the two primary determinants of within-household inter-temporal changes in yields are the increased availability of gravity irrigation at the household level and the improvement in road conditions at the barangay level. The fixed-effects results suggest that weakening of the relationship between market access and farm productivity over the two decades is caused by infrastructural improvements in the peripheral villages. Table 5 reports results of a similar set of regressions estimated for unit costs. In the pooled sample (OLS in first column and random effects in fourth column) estimates, only the factor prices have a significant effect on unit costs; wages and fertilizer prices increase unit 5) The transaction cost index in the rice market has no effect on either the levels or changes in yields and unit costs.
Technical and Cost Efficiency Estimates
Unlike in the case of yields and unit costs, linear regressions are not suited for the estimation of the determinants of technical and cost efficiency because the dependent variable, by construction, follows a truncated normal distribution (Kumbhakar, Ghosh, and McGuckin 1991; Reifschneider and Stevenson 1991) . We utilize the panel data variant of a two equation stochastic frontier model (Battese and Coelli 1995) where each frontier is estimated using a maximum likelihood estimator jointly with a corresponding linear equation for the determination of the one-sided error term:
The vector represents a vector of determinants of farm efficiency. These two equations modify the simple production frontier by asserting that the non-negative error terms, and , come from truncated (at zero) distributions of the N( , and N( , respectively. In our model, the predictors of farm efficiency are the same household-level and barangay level attributes that were included in the yield and unit cost regressions. Table 6 presents the results of the joint maximum likelihood estimates of the production frontier and the associated mean efficiency function for the pooled sample and the two years separately. For each sample, estimates are carried out with and without the three barangay level institutional variables-road conditions, availability of extension services, and the transaction cost index-to determine whether the efficiency effects of distance to poblacion and population density are mediated by these three variables. In the pooled sample, technical efficiency is negatively affected by the age of the farmer and distance to poblacion and positively affected by education and population density. When the three institutional variables are added, the population density effect becomes insignificant but the distance to poblacion remains significant. We also see that good roads and access to extension service has a positive effect on technical efficiency while transaction costs have a negative effect. The year dummy tells us that there has been an increase in technical efficiency over the twenty years. The results are broadly similar in the subsample of 1983. In 2003, however, none of the included variables significantly predict technical efficiency. In the frontier itself, the results conform to our expectations; land, labor, seeds, fertilizer, and tractors are significant contributors to farm output; gravity and pump irrigation improves output, whereas upland irrigation decreases it; there are increasing returns to scale and there has been no significant shift of the production frontier from 1983 to 2003. Compared to twenty years ago, farmers in the more remote villages of the Bicol face fewer disadvantages in obtaining access to technologies and factors of production relative to those in and around market towns. This convergence of peripheral villages with the poblacions is a reflection of the spread of markets that is in part attributable to rapid population growth;
costs of market transactions are lower in densely populated areas. However, our analysis suggests that public investments-in irrigation, roads, and extension services-have played a vital role in developing market institutions and helping the more remote villages overcome their locational disadvantages. With better roads and extension services, farmers in the previously isolated corners in the periphery are now able to receive information on market prices, learn new farming technologies, and obtain modern inputs such as tractors and fertilizer at competitive prices. With greater connectivity between the villages and the cities and market towns, the physical isolation of a rice farm no longer matters and the Schultz hypothesis may no longer be relevant even in the poorest region of the Philippines. -------------------------------------------------------------------------- ----------------------------------------------------------------------- 
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